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My illustration explains why Verizon VA’s investment risk is large under the UNE
regime and accompanying TELRIC standard. As shown by my illustration, the expected
present value of Verizon VA’s revenues will be less than the present value of its TELRIC
expenses plus investment. Whenever the present value of revenues is less than the
present value of expenses plus investment, a company’s return on investment will be less
than its cost of capital. Thus, Verizon VA’s expected rate of return on investment is less
than its cost of capital.

Don’t unregulated companies in competitive markets also face the risk that their
returns on investment will be less than their cost of capital?

Yes. Competitive companies always face some risk that their returns on investment will
be less than their costs of capital. However, unregulated competitive companies also
have a significant probability that they will earn a return on investment that exceeds their
cost of capital. Moreover, unlike Verizon VA, unregulated competitive companies are
free to set prices that reflect realistic assumptions regarding investment, expenses, and
depreciation, and realistic estimates of the risks and costs of technological change. In
addition, competitive companies can use realistic demand forecasts and, if those forecasts
are exceeded, their revenues will be higher than expected. And unregulated competitive
companies do not have an obligation to provide facilities to competitors under cancelable
leases that by design arc intended to facilitate the transition by those competitors to
alternative facilities or technologies. Unregulated competitive companies will not
undertake investments when the expected rate of return on investment is less than their

cost of capital.

13



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

What does your illustration say about the value of the CLECs’ option to cancel their
lease or renew their lease at lower rates?

My illustration explains why the CLECs’ option to cancel or renew at lower rates is a
valuable asset that the CLECs will have acquired from Verizon VA at zero cost if the
value of the option is not built into the UNE rate. In short, when Verizon VA invests in
its fixed network, while CLECs have a cancelable operating lease on the network, CLECs
have valuable flexibility to reduce their expenses when new technologies become
available. Of course, Verizon VA can only offer the CLECs this flexibility by incurring a
fixed cost that restricts its own flexibility. Verizon VA will have no incentive to invest in
network facilities, and CLECs will receive improper price signals, if the value of the
CLECs’ option is not included in the price of the UNE.

B. Description of Risk Premium Methodology

What methodology did you use to value the CLECs’ ability to cancel or renew their
UNE lease at lower rates?

| used the binomial option pricing methodology described in an article by Copeland and
Weston, “A Note on the Evaluation of Cancellable Operating Leases,” published in the
Summer 1982 issue of Financial Management and provided as Attachment 1. This
methodology is widely employed by financial analysts to value the options that are traded
in financial markets and is more flexible than its predecessor, the Black-Scholes model.

It is based on the assumptions that (1) the value of the underlying asset can either
increase or decrease at discrete points in time, and (2) lessees can exercise the option to
renew the lease at lower rates or cancel altogether once they observe the new value of the
underlying asset. In the context of my analysis of regulatory risk, the binomial option

pricing methodology is conservative because it assumes that the value of the network can
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either increase or decrease, whereas, under TELRIC, the value of the network is likely
only to decrease as new lower-cost technologies become available.

Does your methodology apply regardless of whether the CLECs actually renew their
lease at lower rates or cancel their lease and use alternative facilities or
technologies?

Yes. My methodology can best be thought of as a way to estimate the value CLECs
receive from having the option to obtain UNEs at a lower lease rate whenever regulators
reduce rates or to cancel altogether at any time.

Please describe in more detail your methodology for calculating the regulatory risk
premium associated with the UNE regime and the TELRIC standard.

| estimated this regulatory risk premium in several steps. First, | used the same fonvard-
looking investment, operating expenses, depreciation, and asset lives presented by
Verizon VA in this proceeding.

Second, | calculated the minimum lease payments that would allow Verizon VA
to recover the TELRIC cost of its network investment, pay its operating expenses and
taxes, and earn a fair rate of return on its network investment under the assumption that
CLECs cannot renew or cancel their lease of network facilities. In short, the lease
payments in this step were calculated as if the CLECs’ lease contract with Verizon VA
were a financial lease rather than an operating lease.

Third, I calculated the market value of the CLECs’ option to renew their lease at
lower rates using the binomial option pricing methodology noted above and described in

the Copeland and Weston article provided in Attachment 1.
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Fourth, using the value of the CLECs’ option as an input, | calculated the
minimum lease payment that would allow Verizon VA to recover the cost of its network
investment, pay its operating expenses and taxes, and earn a fair rate of return on its
network investment when regulators periodically lower UNE rates.

Finally, from this information, | calculated the regulatory risk premium required
to compensate Verizon VA for some of the additional risk they incur under the UNE
regime and the TELRIC standard.

Please describe the data you obtained from Verizon VA.

The data | obtained from Verizon VA are shown in Attachment 2. The data, which is the
same that VVerizon VA has presented as its TELRIC costs in this case, show that Verizon
VA would have to invest more than $7 billion to reconstruct its telecommunications
network in Virginia using the most efficient technology currently available, that its
annual operating expenses would be almost $1.3 billion, and that the average life of this
network would be approximately 14.1 years.

How did you calculate the minimum lease payments that would allow Verizon VA to
recover the TELRIC cost of its network investment, pay its operating expenses and
taxes, and earn a fair rate of return on its network investment, under the
assumption that the CLECSs sign a non-cancelable financial lease for the use of
Verizon VA’s network facilities?

| calculated the lease payments by equating the present value of the cash inflows under
the lease to the present value of Verizon VA’s cash outflows for investments, operating
expenses, and taxes. Specifically, the calculation of the lease payments was made using

the equation:
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_E(l-rc)(L, -0)+17.D, MV

I ‘ + - (1)
= L+ ATWACC) (1+ ATWACC)
where:
I = investment in the network on total network basis
1 = composite corporate tax rate
Ly = monthly lease payment
Dy = monthly depreciation amount
O, = monthly operating expense
T = number of months in life of asset
MV = salvage value of asset and
ATWACC = after-tax weighted average cost of capital

Using the data shown in Attachment 2 and my estimate of Verizon VA’s after-tax
weighted average cost of capital,”” Equation (1) can be solved for the unknown monthly
lease payments.

Why did you use Verizon VA'’s after-tax weighted average cost of capital to discount
lease cash flows in your analysis?

| used Verizon VA’s after-tax weighted average cost of capital to discount lease cash
flows because it best reflects the financing mix and cost rates that Verizon VA would
need to use to finance its investment in the facilities required to provide UNEs. Since
CLECs use the leasing of UNES as a substitute for building and owning their own
telecommunications facilities (or of using other alternative facilities or technologies), the
after-tax weighted average cost of capital provides correct economic signals for the lease

versus build decision.

1 The after-tax weighted average cost of capital reflects the tax deductibility of interest. Thus, for example,

if the interest rate is 7% and the tax rate is 50%, the after-tax weighted average cost of capital will reflect 3.5%
interest.
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Some economists suggest that a financial lease is a substitute for debt financing
rather than for a mix of debt and equity financing as you have assumed. In this
application, why is it appropriate to assume a mix of debt and equity financing
rather than pure debt financing?

In this application it is appropriate to assume a mix of debt and equity financing because
a company investing more than $7 billion to reconstruct Verizon VA’s network in
Virginia could never finance this investment entirely with debt. Even if CLECs sign a
financial lease that requires them to purchase UNEs at a fixed rate for the entire life of
the network, there is no guarantee that CLECs could fulfill their contract. Indeed,
Verizon VA would still face the considerable risk that CLECs would default on their
lease payments due to bankruptcy. Verizon VA could only reduce its investment risk
through a mix of debt and equity financing. A financial lease is really a substitute for
owning an asset and is only a substitute for debt financing if the lessee could realistically
finance the asset with debt if they did not lease the asset. In the case of a
telecommunications network investment, it is simply unrealistic to assume that either the
CLEC or Verizon VA could finance ownership of the network entirely with debt.

How did you calculate the minimum lease payment that Verizon VA would have to
charge if the CLECs can renew their UNE lease when a regulatory body sets lower
rates?

| calculated this minimum lease payment by equating the present value of the lease cash
inflows to the sum of the present value of Verizon VA’s cash outflows for network

investment, operating expenses, and taxes; and the value of the option to renew the lease
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at lower rates when rates are reset. Specifically, the calculation of the lease payment in

this scenario was made using the equation:

T(1-7t. )L, -0)+t.D MV
I:E( ML, -0) ——+ = - P, (2)
=1 (1+ ATWACC) (1+ ATWACC)
where P4 is the value of the option to cancel, calculated according to Copeland/Weston,

and the remaining variables are defined as in Equation (1).

How did you calculate the regulatory risk premium required to compensate Verizon
VA for the additional risk they incur because CLECs can cancel their leases and
regulators can lower UNE rates at any time?

| calculated this regulatory risk premium by substituting the value of the lease payments
(obtained from the previous step) into Equation (1) and solving for the after-tax weighted
average cost of capital. The required regulatory risk premium is the difference between
the required rate of return on the cancelable operating lease and the required rate of return
on the financial lease. Using the Verizon VA data, the regulatory risk premium is 5.41%o.
Does this risk premium fully reflect the risks associated with the UNE regime and
the accompanying TELRIC pricing standard?

No. My risk premium only reflects the additional regulatory risk associated with the
regulators' option to lower UNE rates at any time to reflect the lower cost of a
hypothetical network using the then-most efficient available technology and the CLEC
option to cancel. It does not reflect all of the risks associated with the TELRIC pricing
standard, such as the optimistic expense and investment assumptionsthat are frequently
used in implementing the TELRIC standard. In addition, my regulatory risk premium
does not reflect the risk that under the TELRIC standard Verizon VA will be unable to

recover the actual costs it incurs in building and operating its network.
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Does this conclude your testimony?

Yes, it does.
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A Note on the Evaluation of
Cancellable Operating Leases

Thomas E Copeland and J. Fred Weston

Tirr auwthors teach in the Graduate School of Management ar rhr

University of California at Loy Angeles,

8 Many cenlral theoreticaf issues on long-term leusing
werc setited by Miller and Upton (8], Lewellen, Longand
McConnell 6], and Myers, Dill smd Bautista [9]." lssues
of clarification and itmplementation cun e found in
Levy and Sarnal {S]. The following paper cxiciuls the
unalysis of Jense contracts to include caneellable oper-
ating leases.

For expositional purposes Icasc contracts cin be Ji-
vided into two broad ecutegorics: |) pure financial
legses and 2) operaling leases. Pure finuncial leases are
assumed lo be perfect substitutes fur debt capital be-
cause |hcy arc not cancellable without-bankruptey und
they arc fully amertized. On tlic other duad, operating
leases arc riskier from Ihe lessor's point of view be-
cause they may bc cancelled at the option of thc lessee
and cannot (by luw) be fully smortized.

We wish to thank Dan Galai, Robert Geske and Kuldeep Shastei for theie

helpful eommems,
“The distinetion between long-term and short-term leascs is nut trive

ial. Short-torm Jeascs such as hotch mom restals arc probably nwre

clTictent than buying for a day simply beesuge of transection cosi diller
ences, However, (he clfect of such frictions is mininized for hng-lived

CDN_I'ICIS.

* a (nons(ochustic) declining exercise price. The exs

80

the analysxs of pure ﬁn.mcm! lcases. The second
solves the problem of evaluating cancellable operating)
leases by using Ihc Cox. Ross and Rubinstein [2] b
nomial eption pricing rocihod. From Ihc lessor's poing
of view a canccllublc operuting lease is cquivalent tosh
purc financial lease Minus an Anwerican put option with

pected rate Of retum on a cancellable jenss is shown i
be higher lhrn Ihc rill: on a pure financial lease. ¥

5t

The .Analysis of Pure Financigl Leases.
Pure [inanciul leases arc assumed lo be prfeet suby

Iowmg d;!fcrcnlml c.uah flows: ,
A cash suving atnounlmg lo llicdollar mnoumt_
lhc investment outlay. .|, whichthe firm does o

huvc to incur if it lx..:scs

PVl -TL, 1
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c. The present value of the oppertunity cost of the

lost deprecinlion tax shicld, PV(rdep,).

d. The present valuge of the change in the inlerest tax

shield on debt which is displaced by teass financing,

PV([,&(rD)}; where D, is lhc remaining principal of

dlsplaced debt in period 1, and r is the coupon rate,
These four terms, when discounted at the proper mtc.
give the net present value (NPV) of the lease contrac!
to the Jessee. If the NPV (to lessee) > O the Iciec will
be accepted.

= PV =Tk

NPV (lessce) =
—~PV [t dep] — PVt A(rD))

(H

Because this definition of cash flows explicitly in-
cludesthe tax shield of displaced debt in the numerator
of the present value equation. the easti flows.should bc
discounted at the before-tax cost of capilil, The bc-
Tore-fax cost of debt capital, k. isrelevant because the
. lese contract is a perfect substitutc for debt. #t has the
same risk. Thercforc. we have

Ni’.\f (lcssee)

n— IJ =L,
o 1=

+ t.dep, + tA(rD)
(l + k)

If correct. this nppm'lch should show tlic tessee tn br
indifferent to the contrze! (f.e., NPV {lessee) = 0)
when the lessor's minimum lease fce is substituted into
the equation. The computation is faitly cumbersome
hecause the displaced tox shield. t.A¢rD,), changes
each period.

Myers, Dill and Bautists }9) and Levy and Sarnat |51
hayeshown that an cquivalent approuch is to account
fot the Interest tax shield by discountingat the aflcr-tax
cost of debt and climinating thc third term: from tlic
numerator of the' righthand sidc of Equation (2). For

constant lease pa ments, E uations (2) and (3) are
equf\t/aalent pay q (2) and (3)

N (-1l + tdep,
H+t=1 )k,

(3}

NPV (lessee) = 1 —

Note that from thc lessor's point of view ¥, is the
lending rate on debt capital. It is the lessor's weighted
average cost ofcapitai. WACC (lessor), grossed up by
the Icssor's effective marginal lax rate.?

3For reasons Why the marginal effective tax rate; way be diffescat
from the corporation’s ewrginul nominal tax ntc see Miller {77 wnd
DeAngelo and Masulis |3).

@

6]

_ WACC(lessor)
Thercforc, when discounting the cash flows of Exqua-
tion (3) from the Icssor's poiitt of view, we have

NPM{lo lessor) = — |

. 2 L=t + Tdep

(T F WACCY )

wherc WACC(lessor) = (1=1)ky. The equivalence of
Equations (3) and (5) dciiionsintes that the financing
dccisioii is tlic same from either the lesses’s or lessor's
paint Of view, Also, it is worth mentioning that the
tessee's indiffcrence 1o thc contract will result only
when all tesins in Equations (3} and (5)are symmetri-
cul, Bspeciully important arc the effeclive tax rates of
the lessor und fessee. Lewcllcn, Long and MeConncil
161 liuvc shown that with diffcrent effective tax rates
forthe Icssorand lessee the lease may have positive net
present values for both parties.

The Evaluation of Operating Lease
Contracts

Operating leases arc different from pure financial
feases in two important wuys. First. and most impor-
tant, thcy miay be cuncelled i the option of the lessee.
From the point ofvicw of the lessee, cupital cinploycd
under operating leuse contricts becomes a variuble
cost ¢ruther than a fixed cost) because the Jease may b
Jerminaied (sometimes reguiring it penalty tu be puid)
nnd the leused assct may he returned whencver eco-
nomic conditions worsen. This is like having quip-
ment that can be laid off. Fram the lessor's point of
view. operatingleuses arc obviously riskier than Minun-
cjul leases. A financial icase, like a loun, is seeured by
al) of the-firm's assets. An operaling leuse is not. Tlic
second difference IXlwe.cn eperating and financial
feases is thut operating lenses cnablc the Icssor to cap-
N the safvage vaiue of the asset.

The duration ol an operating lease is usually several

_years on business office equipinent, computers. build-

ings, i trucks. llie contracts arc not rencgotiated
during thcir term, Howevcr. they can usually be can-
celled ut llic option of thc customer (sometimes with
and somelimes withoat pemity), For example, the
wording.in as IBM conimet is: **. .. the cuslomer
may, at any timc after installation, :.inscontmuc a pro-
cessor complex UNit upon three months prior written
notice, ar discontinue any other machine or nny field
removebie lealure or request a field removable down-

Lo
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grade upon one month's Writtcn notice™ {subject to the
payment of terminition charges].

What arc the sourcesof risk to a Icsror who contein-
plates extending an operating leuse? We shill discuss
two calegories of risk. Tlic first cutegory of risk m-
fleets fluctuutions in tlic cconoiiiic value of the assct
over lime. These changes in viiluc result from Ihc un.

cerfain cconomic rute of depreciation of tlic usset and,

from general price.level and interest ratc uncerainty.

The economic rate ofdcprcciatisn isdetermined by the .

valuc of thc asset in alternative uses and from the
competition of substitules. Changes in valuc will rc-
flect obsolescence as well as physical deterioration.
This may be ternicd repacenient cost risk. The unccr-
tninty of tlic salvage valuc of the asset isaspecial case
of this first calcgory of risks related to lhc cconoiiiic
value of the assct. Our intent is to dcfinc replacement
cost risk as the generic term lor Auctuations in the
economic.value Of th assct resulting fromt uncertain-

tics such as obsolesccncc costs and unaniicipated .

changes in the gencra) price level and interest rales.

A second calcgory of risk relates lo the characteris-
tics of the lessec and we shall argue that ‘they arc of no
spectal concern to the lessor. (The reason is discussed
below.) Related to tirc performance of the lessee Sa
revenue risk. This is thc risk thut llic leuse will bec
cancelled because the tessee's revenues from the asset
fall enough M that Ihc present value of tiwe lease pay-
ments exceeds the present value of continued uscof the
asset.

Another source of risk relaied to the behavior of tlic
legsec IS the risk OF defuult, Defuult is an involuntary
breach OF the lease conlract, [ is coinmon.to both
financial lzases and operuting leuses. Thercfon, we
shall assume that the lessr's lending ratc, ks al-
ready adjusied to compensate for default risk.

“The usual approach to the operatinglease problem is
to separate cach of the diffcrent components of risky
cash flow and discount them ut tlic **uppropriute’” risk-
adjusied discountrate.? The type of formula often used
is.

NPV(to Icssce) =
" N 1= N d

y - ¢ _tdep,

(=1 (+k¥) (=] (0+k¥)

g MV _yMv-BY)  § 0O
T (k) i+K)

I —

(6}

3For example, see {10).

=) (+k)

FINANCIAL MANAGEMENTISUMMER 1911

wherc k% = (I — 1)k, = tir afler-lax cost of.
debt capital;
4l = lhe invesnen( ux credit forgone by,
the lessee,
MV = the salvage value (market value) of'

thc asset wlicn the lease comruclax
pires-in year N; !
k, ="llic risk- adJusted after-tax dlscount.
ratc "dppropnalc" to salvage risk;

t{MV ~BV) = Lhe cupitul gains tax on the diffec:
ence belween the salvage value and:

the book vnluc;
0, = lhc value of operaling malntenance
.. In period
k, = tIIC risk- adJustcd after-lax dlscount'

rate “‘uppropriale’’ to the mainte-!
nance costs, ~
While this approach isuscful in pointing out the differs
ent risks (hal exist, the practitioner is forced to usc ad
hoc rules of thumb when attempling to estimate the;
various risk-adjustcd discount rales needed to solve;
Equation (6).* Anothcr approach is suggested bclow'
Of the lypes of risk mentioned above, only replace;,.
inent cost risk (including salvage valuc risk) and &
fault risk are bomc by the lessor. Default risk is com-)
pensuated in.the lending rate, k. and shall not be;
discussed. Revenuc risk s irrelevant to he lessor be<
cause it IS bonic by tlic lessee when hc makes his
investment decision. To show why this is S0, assume
for thc moment that the replacement cost and salvage
value of tlie asset arc known with ccrtainty. Sull
lessee may cancel an operating lease if the’ prcsen
value Of the after-tax operating cash flow from his us
of the leased asset falls below thc present value of
future lease obligations. Even 0. the lessor will be;
indifferent to the cancellation because, given nouncer-;
tninty about the replacement or salvage value OF the,
asset, n fease contrict wn always be constructed so
that the replacement value of the asset is equal to the
value of thc remuining lease payments. The payoffs lo
the lessor arc.. )

Puyoflf to lcssor (given: no replacemertt cost risk),:;

PV (lease payments) if NPV (project) > O
PV (assct) if NPV (project) > 8;
Given no replacement CoSt unceriainty a contract can b:_:
writtcn SO tsul 4

PV (Icasc payments) = PV (asset) . ﬂ

“Muinlcnance conteacts fur lcascd asscts are scparable frums the km
contruct itscIf and can be priced scparaiely. Thersfore, we ignore main: ‘i
{enance cost cash flows when we discuss the operaling lease contract.

Ed



63

COPELAND AND WESTON/EVALUAYING CANGCELLABLE OPERATING LEASES

for any point in time. Thus, the lessor is indifferent to
rcvenuc uncertainty.™
.- Given the irrelevance of revenue unceriainty, we
can proceed to discuss the effect of uncertnin replace-
ment costs (including uncertain salvage value). Exhib-
it I shows how the murkct value of the {eased w e t may
change over time. The downward-sloping solid line is
the expected decline in the asset’s valuc due to antici-
paled Inflation. wear and tear, and absolescence. Note
that the value of the asset is expected to decline from
51, to B($l) over the dife of the contract, T years. The
a,xpcc(ad salvage value is E(ly). It iS reasonable to
‘assume that the value OF the asset never falls below
zero, Glyen replacement cost uncertzinty, thc actual
'value of the asset at any timet* = T inay ¢ greater or
less than expected, The particular situation illys(rated
.att* in Exhibit 'l shows that if the value of the asset;
MV‘.. fails fur enough below ils cxpccted value,
.E(MV,.}. then the lessee can improve his position by
camg.ﬂlng the lease, reluming the leased asset, und
ing amore efficient replacement to dotlicsame job
aL lower cost, ‘The uptiutr to terninme the lease IS an
"American put held by the Jessee.. The value of tlic put
»{/111 be implicit in the lease fccs.'
9 $%: The present.value of the relevant American put, Py,
1,s derived in Appendix A following thc assumption of

“a binomial stochasticgrocess. (Cf, Cox, Rossand Ru- -

b_mstc_m [2]). The expected replacement cost of the
- asset IS assumed tu decline in u straight line ut tlic rate

L ™ point is ulso made in Miller and Upion [8). Implicitly, il is

nnderswod that if the original feuse is cancalled the Jessor immediately
-plwes the cquipmient un lcase again.

* YEx ame, the lessar will be sen 1 charge For possible actlions by the
kseemdcrnucmnumcsof natwre {caplurcd in the ex ante probubility
- distribution). Ex past, af course, the asset may decline in value so that
- the lessee Wilt retugn the asset. The dessor then must cither u) sefl the

‘lssel at market value of b) lease It again ai U lower rte. Uolh possibilic

' Yties are reflecicd in the price af the American put in the ex aare snalysis

({see Equation 7)

Exhibit 1. Replacement Cost Uncertainly

LW

whcrc

= time .

(t-8) in cach period. Fur convenience, we assume that
the-Jease contract is writtcii so that the present valuc of
tlic remaining leuse fees is vqunl tu the expected re-
placciiicnt value of the asset in cach time period,
Hence the option is written at-(he-money.

{f the {ease contract is written so that the exercise
price of the implicit put declines ut a rate slower than
the expected economicdepreciution, then the prohabil-
ity of canceliation increuses, Il there arc any sipnifi-
cant trunsactions costs such as fastatletion and removal
and resule expenses, then Irequent cancellolion is un-
desirable. The opposite situation occurs when the exer-
cisc price declines faster than expecied economic de-
preciation. Thc likclihood of 2arly exercise decreases
and so does the implied vnlue of the cancellation fa-
ture, |f therc are costs to negotiating the terms of the
eancellation fciiture, then the valuc of the cancellation
option must cxceed negotiation costs. There may wcll
bc un optimal relatioyship hetween the rate of decline
in the exercize pricc and the expected economicdepre-
ciation of the asset. NO matter what it is, Equation (7)
will provide U nusmerieat solution for the Villuc of tlic
American put implied in the cancellation clause.
Modifications in this assumption do not materially ale
tcr the form nftlic option pricing equation. The exer-
cisc pricc. X. fur the American put written on the
repincement cost Of the assel is the present value of the

lease payinents represented by the solid line in Exhibit
[ Since the lease payments liiclude repayinent of the

expected econamnic depreciation of ihe asset. (1-8)
E(MV,), We have to pricc the valuc of an Amcrican put
foracase in which the exercise price declines at u non-
stoehastic rate equat tu thc cxpected decline in the
valpe of the usset (analogous to a non-slochastic divi-
dend paymeitt}, The present value of the American put
i

P, = MAX{X-V, [pP, + (I:;)P] + r} (D)

P = MAX {8X-d8 v, IpP, T+ (1-p) Pl + rk
B, = MAX {8X-uB v, {pP, + (I-p) P} + rk
(-1) = (e () o (e 18 T (1<)
P - ————t 'P) —ee.
u- d u- d

Equation (7) may bo sotved iteralively in order to pro-
vide a numerical solution for any American put option
where the exercise price on the option declines at a
non-stochastic riitc equal tu the ar anfe expected de-
cline in the valuc of tlic asset. If the depreciation.rate
{1-8) is zero, then Eyuation (7) reduces exactly o the

e potativn used in Bquation (1) is detailed in the appendia.
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numerical solution of an American put with constunl
exercise pricc. dcrived hy Cox. Ross and Rubinstein
[2]. As the unticiputed cconomic lile of the asset be-
comes shortcr{/,e., as it depreciates faster), thc valuc
of the put decreases rclative to its counterpart = on
American put with lixed cxercise pricc. Tlic put im-
plied by thc lease’s cancellution clausc differs from a
regular American put becuuse its cxcirisc price dc-
¢creases at a predetermined rale, Becausc the decreas:
ing cxcrcirc pricc is linked to tlic anticipated rue of
econoiic deprecintion, it follows that the put is woesth
less as Ihc cxpected tife of tlic undcrlyiiig asset is
shorter.

The effect of the put on the lease fees will be to
increase them with 1) greater uncertainly in thc re-
placement cost of the leased asset, 2) decreases iti the
risk-free discount rate, and 3)a lowcer expecied rale of
depreciation ovcr the life of the leuse contract. The
first two effects arc obviousand the third effect makes
sense when onc realizes that we arc talking abeut tlic
marginal change in lease fecs caused by (he cuncelia-
tion option. The levcel of ¢ sc fees will decreaseas tlic
expected rate of economic depreciation decreases, but
the canccllation option has greater cost 1o the lessor us
the life of the asscl increascs.

An American put writlcn on a lcasc contruct and
modeled as in Equation (7) will eaptire the voluc of tlic
canccllation clausc in an operating lease. The vulue of
the put will depend on the following variables:

P, =" ﬁ_.oﬁw,r,i‘.ﬁﬁj (3)
| = tlic initial cost of tlic ieased ussel;
d,,, = tlic instantaneous variance of the market
value of.tlic asset (for annual binomial
outconicsu = ¢*, whcre s is the annual
standird deviation of usset relums);
r, = one plus the risk-lree rate for asscls of
maturity T;
T = thc number of {ime periods before the
option cxpircs:
X = (he initinl exercise pricc of tlic option
(X=I)
|-8 = tlic annual ratc of anticipated straight-
line depreciation in the vnluc of the
asset.

The Signof the partisd derivative of the valuc of the put
with respeet to each of tlic variables.is given above
Equation (8).

The following rumericat cxiimpk shows how the
Icssor will increase his required lease payments if a
lease contract is cuncellable, Assume thal a $10,000

where
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asset Is cxpcected to have a three-yeur econoinic lifeand |

" depreciate an equul amount cach year (.e., 8 = 667).-

kowever, its value may bc 50 percent higher or lower]
than expected at thc end ,of a given year (ie,, U =.
1.50,d = .667, o = .405). The lessor has a tax rate of
40 pereent and will write a two year lease,* If tlic lsuse,
contruet Were n strict financial lease, it would require a

[0 pereent before-1ax ratc of return (i.e., k = 10%;).

The satvage valuc isuncerluin and requiresa 16%riskq

ddjusted rate of return. For siaiplicity wc ignore capital

gains taxation on the salvage value and investient tax:
credils. Using our prior definitions of the variables we

can write the competitive present value of a nen-cans

celiuble leuse to tirc Icssot as follows:

)_2: (-t )L, +_gtd.c;5_
L 14+ 0-1 kK

0= -1+

+_EMV), 9);

(I1+%) '

Substituting in the appropriate values, and solving for
the competilive Iciisc fcc we have

(1—.4)L, * .4(3333)
. fi—-g—.49.101 -

0 = —-10,000 + lé,

43333
{116y

0= =10,000 + .6LPVIF, (6%.2 yrs.) .
+ .4(3333)PVIF, (6%, 2 yrs.) + 3333(.743)- -
0= =10,000 + :6L(1.833) T .4(3333) (1.8339
+ 3333(.743) 1
L = $4619 . . A

-

. ! o L
Nexl, we want to delermine the competitive lense pay-i

ments aysuming that the above contract is a-cancella

operating lcasc. Equation (Q)must be modified by subs
tracting the present value of Ihc American put option. The
ncw valuation squufion is -

2 '

. (1—-< )L + tdep
= -4 & STSE T SO
g =1 (0+0-1k,)

[

+ EMY) _p, {10y,
I+ ’f

Hiar simplicity we will atsume that the fessor and the lessoe have the;
same cffective 1ax rate. Differential tax ratcs do not affect-the valoe-of

‘the cancelfation clause.
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The value of the put (per dollar valuc of thc asset} B
given in Exhibit A-4 as .085. Solving for thc operating
leuse fcc we have

& (-4l + 40333

=1 (1+(- .4).100

0= -10,000 + (

+_3333 = .085(10,000)
{1.16)¢

0 = —10,000 1. 6L, (11133) T ,4(3333)(1.833)
£ 3333(.743) — 850
‘L = 15392

The lease fee has increased considerably lo rellect the
extra risk of possible early cancellation of the opcnt-
dng lease,

" Ifb lessee tukes the tease fcc as an input and tries to
.computs an internal rate of return (IRR) on thc contract
without considering the American put, (hen there will
& a considerable upward bias in the IRR. Using thc
.above Jease fee Ihe computation wouid be

o ]‘__' 2 (1—-t)L| +tdep,  E(MY)
B 1=1 {+IRR}y (1 +k)7

2
& (1-.4) (5392) t .4(3133)
) 0= 10,000 + |)=:| I+ IRRy

_ 3333
(1.16)

0 = 10,000 — 4568.4PVIF, (IRR%, 2 yrs.)

= 2476
PVIF, (IRR%, 2 yrs.} = ﬂ = 1.647
—-4568.4

- IRR®= 4%

. ‘The management of the lesses firm would be mistaken
< {0 compare the 14 percent before-tax rate of return with
+ the 10 percent before-fax cost of debt capital. The two
'rates are not comparnblcbecause the cancellable oper-
sting lease & riskier thnn its non-canccllablc financial

.Jease counterpart. )
Frequently the lzase may be cancelled only if a

{ump-sum penalty. F. is paid to thc iessee. The penaltty
reduces the value of the canccllation clause for thc
7

.-

lessee, Numerically, the cffcct of the penalty ¢an be
estimaled by subtracting the fec from the exercise pricc
in Equation (7). TS is shown below wherc % is tlie
present valuc of the cancellationclause given a cancel-
lation fec, I

P? = MAX{(X-F)

"Vllpl’d -+ (I _P)Pu] - rl'}

where P, = MAX{(0X-F)

~dBV,[pPy, + (1-p)P,) + 1k
P, = MAX{{DX-F)

~uBV,[pPy + (I=pP]l + 1}

(u-1) = (r1)0

p= .

uw—~d
_ )+ (1-d}
~(l-p) —3 .
Summary

If the jease IS & pun: finarcinl lease, it is a perfect
substitutc for debt and wc show that thc appropriate
discount rale fur the lensing eash flows {before interest
churges) is tlic alter-tux cost of debt capital. On the
othcr hand, it' the lease contract is a cancellable operai-.
ing lIcasc, it is not ii perfect substitutc for debt capital
and semc liighcrdiscount ritte is uppropriate. This rule
may K obtained by lirss computing the present vaiue
of an Americon put with en exercise price that declines
at the same ntc as tlic cxpected decline in thc market
value of the leased usset. The declining exercise price
is necessary SO that at iiny timc the expected valuc of
the future lense puyrients iseqeal (0 the expecied mur-
'ket valuc of tlic depreciating nsset. An example shows
that the internal riitc of return on an operating lease will
be greater thun on.the comparable pure financial lease.
However, tlie upparent highcr internal rate reflects the
value Of thc put incfuded in thc cancellation clause of

* an operating fesse,
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Analysis of VVarious Categories of Investment for Virginia

Total Product Investments Expected Operating
Forward-Looking Investment VA Specific i Expenses
S$S7 Investments $10,069,950 $1,203,359
Operator Services $15,961,441 $2,604,907
Total Collocation Investmenis '$i03,946.340 $10,810419
Access 10 0SS L $2732256 $607,381
Support Investments y . $5?6,419,355 $23,622,000
ADSL Incremental L $23m s $246,680
Testing Support Investments $1,065,853
DUF Investments $308
Total Switch Investments $160,735,830
Total Loop Investments | <. $1,002,996,330
Total IOF Investments $66,585,572
Total PubComm Investments | . $2,159,882
AIN Incremental

Total Forward-looking Investments

$54,710
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